Objective: The luteal phase after ovarian hyperstimulation for in vitro fertilization (IVF) is insufficient. Therefore, luteal phase supplementation is routinely applied in IVF. It may be postulated that premature luteolysis after ovarian hyperstimulation is due to supraphysiological steroid levels in the early luteal phase. In the present study, high doses of steroids are administered after the LH surge in normo-ovulatory volunteers in order to investigate whether this intervention gives rise to endocrine changes and a shortening of the luteal phase. Design: Randomized controlled trial. Methods: Forty non-smoking, normal weight women, between 18 and 37 years of age, with a regular menstrual cycle (24-35 days), received either high dosages of estradiol (E 2 ), progesterone (P), E 2 CP or no medication. Blood sampling was performed every other day from the day of the LH surge until LHC 14. Duration of the luteal phase and endocrine profiles were the main study outcomes. Results: Early luteal phase steroid concentrations achieved by exogenous administration were comparable with levels observed following ovarian hyperstimulation for IVF. No difference in the luteal phase length was observed comparing all groups. However, a significant decrease in LH levels could be observed 6 days after the mid-cycle LH surge (P!0.001) in women receiving P, resulting in accelerated decrease of inhibin A production by the corpus luteum (PZ0.001).
Introduction
During normo-ovulatory cycles, the corpus luteum remains dependent on support by the pituitary gonadotropins throughout the luteal phase (1) (2) (3) . Slowing down of the gonadotropin releasing hormone (GnRH) pulse generator along with diminished luteinizing hormone (LH) pulse amplitude, is responsible for the demise of the corpus luteum both in the monkey and the human (1, 4) . Luteolysis can only be prevented by rising doses of LH (5) or by human chorionic gonadotropin (hCG) (either exogenously administered or produced by the placenta in the case of pregnancy) (6) . Under normal conditions, a tight balance is operative between negative-feedback activity of estradiol (E 2 ), progesterone (P) and the periodic secretion of pituitary LH for corpus luteum support and demise (7, 8) . Indeed, under normal conditions, luteolysis can be induced by the luteal phase administration of either GnRH agonist (9) or antagonist (10) .
Since the early days of in vitro fertilization (IVF), it has been described that the luteal phase of stimulated cycles is abnormal. In fact, it was already stated in the first extended report on IVF by Edwards et al. (11) that 'the luteal phase of virtually all patients was shortened considerably after treatment with gonadotropins' and it was suggested that high-follicular phase E 2 levels caused by ovarian hyperstimulation might be involved. Initial studies in 1983 also confirmed the occurrence of an abnormal luteal phase in IVF cycles with the characteristic features of elevated P-levels along with a significantly reduced luteal phase length (12) .
GnRH agonist co-treatment has been the standard of care in IVF for the prevention of a premature rise in LH during ovarian hyperstimulation (13) . Typically, GnRH agonist treatment is initiated in the luteal phase of the preceding cycle and continued until the late follicular phase. Delayed pituitary recovery from downregulation during the luteal phase results in lack of support of the corpus luteum by endogenous LH and therefore in advanced luteolysis (14) . The corpus luteum can be rescued under these circumstances by the administration of hCG (15) and this treatment modality became the standard of care for luteal support during the late 1980s (16) . Because of the association between hCG and ovarian hyperstimulation syndrome (17) , luteal phase hCG support has been largely replaced by luteal phase P supplementation (18, 19) .
Attempts to secure pituitary recovery during the luteal phase by the early follicular phase cessation of GnRH agonist treatment (20, 21) failed, presumably due to the prolonged recovery of LH secretion (22) . Because of the rapid recovery of pituitary gonadotropin release after discontinuation of GnRH antagonist (23, 24) , it has been widely speculated that the luteal phase supplementation may not be required following ovarian hyperstimulation in combination with late follicular phase co-administration of GnRH antagonist (25) . Preliminary observations in intrauterine insemination seem to favor this contention (26) . However, various studies in IVF applying GnRH antagonist co-treatment have now clearly established that luteolysis is also initiated prematurely under those conditions resulting in a significant reduction in luteal phase length and greatly compromised chances for pregnancy (27, 28) . More detailed studies could confirm that early-and mid-luteal phase LH levels remained suppressed following the follicular phase administration of GnRH antagonist (28, 29) .
Alternative mechanisms involved in luteal dysfunction following ovarian hyperstimulation in IVF may be proposed: (i) follicle puncture and the removal of cumulus-oocyte complexes including large quantities of surrounding granulosa cells (which form the most important P secreting unit in the subsequent corpus luteum). However, initial studies addressing this issue failed to consistently show detrimental effects (30) . (ii) Short-loop feedback by the late follicular phase bolus dose of hCG to induce final oocyte meiotic maturation. Although there were some indications of such an effect at the pituitary level suppressing gonadotropin release (31), this could not be confirmed by subsequent studies (28, 29) . (iii) Luteal phase defects can also be induced by stimulating multi-follicle development in normo-ovulatory volunteers (even without follicle aspiration), suggesting a correlation with the development of multiple follicles itself (32) .
Collectively, we postulated that high early luteal phase steroid concentrations could induce advanced luteolysis due to massive negative feedback resulting in greatly suppressed LH secretion (33, 34) . The stimulation of multiple dominant follicles during the follicular phase will subsequently give rise to multiple corpora lutea, all involved in luteal phase steroid synthesis. The present study in volunteers was undertaken to explore further the role of early luteal phase steroids in the regulation of pituitary LH release and corpus luteum function. These findings may be relevant for the better understanding of luteal phase dysfunction following ovarian hyperstimulation for IVF.
Materials and methods

Subjects
This prospective randomized two-center trial was approved by the local ethics review committees of both participating centers (Erasmus MC Rotterdam, The Netherlands (EMC) and AZ-VUB Brussels (VUB)). An information form was sent to responders of advertisements. Subjects interested in participating underwent initial screening before enrollment in the study. A signed written informed consent was obtained from all study participants. Women who completed the study were paid for their participation. Inclusion criteria were: (i) regular menstrual cycle (cycle length between 24 and 35 days), (ii) normal body weight (body mass index 18-28 kg/m 2 ), (iii) reproductive age (18-37 years), (iv) normal early follicle-stimulating hormone (FSH) level (%10 IU/l), (v) absence of factor V Leiden mutation, (vi) no use of oral contraceptive or other hormone-related contraceptives in the previous 3 months, (vii) no smoking habit, (viii) no history of epilepsy, diabetes, gastrointestinal, hepatic, renal, or pulmonary disease, (ix) no use of other investigational drugs within 3 months prior to the study, or hormonal preparations within 1 month prior to the study, and finally (x) no use of anti-depressive drugs.
Study protocol
The initial screening comprised of a medical history and a physical examination, including vital signs and vaginal ultrasound examination to exclude abnormalities in both uterus and ovaries. Blood was taken for the assessment of FSH and factor V Leiden mutation (to exclude women with an increased risk for thromboembolic processes). After successful screening, the volunteers enrolled in the study.
In cycle 1, daily LH tests (Rapi Test, Orange Medical, Tilburg, The Netherlands) were performed in urine at home starting on cycle day 9 to detect the LH surge (only performed by the 25 women in the EMC). The reason for performing these LH tests was to evaluate the duration of the untreated spontaneous luteal phase. In www.eje-online.org cycle 2, subjects started the LH tests again on cycle day 9. On the day, the LH test became positive (confirmed with a rapid serum LH assay at the VUB), randomization took place for one of the four treatment groups. In cases where the urinary LH test was unclear, an ultrasound scan was performed at the EMC to establish the presence of a preovulatory follicle.
In order to be able to discriminate the effect of the separate steroids as well as the combined effect, this randomized study was designed to include four arms: E 2 , P, E 2 CP, and no treatment. For both centers, a separate stratified randomization list was generated by computer. Randomization took place by means of sealed envelopes for one of the four groups (see also Fig. 1 ). E 2 group: 8 Fem 7 patches (E 2 0.1 mg/cm 2 ; Merck) applied on the buttocks on the day of the observed LH surge combined with four puffs (600 mg) aerodiol (estrogen 150 mg/spray; Servier, Leiden, The Netherlands) every 3 h on the day of LH. The patches were removed after the blood sampling on day LHC4. P group: Prontogest i.m. injections (P ampoules, 100 mg/ml; AMSA, Rome, Italy). Started on day LHC4: evening 25 mg, LHC5: morning 100 mg and evening 150 mg, and LHC6: morning 300 mg and evening 300 mg, E 2 CP group: combination of the above-mentioned regimens; non-treatment group: no medication.
Blood sampling was performed every other day starting on the day of the positive LH test until LHC14.
Justification of interventions
The E 2 intervention was performed earlier in the luteal phase (day LH until day LHC4) followed by the P intervention (day LHC4 until day LHC6). In the E 2 group, we intended to increase the early luteal phase E 2 levels from 800 pmol/l (unstimulated situation (35) ) to 5000 pmol/l (observed during IVF treatments (28)). In IVF patients, the E 2 levels rise during the follicular phase to maximum levels on the day of hCG (21) . From that day onwards, the E 2 serum levels decrease to lower levels at day 4 after hCG. 1 Fem 7 patch increases E 2 levels to 600 pmol/l (36) . Therefore, eight patches were applied on day of the positive LH test, which would give a C max of 4800 pmol/l after 16-24 h. When this C max and serial serum levels described earlier in a pharmacokinetic study (36) were taken into account, it could be expected to reach the following median E 2 levels: 4800 pmol/l on day LHC1, 2000 pmol/l on day LHC 2, 1800 on day LHC3, and 1500 pmol/l on day LHC4. As the patches were attached on the day of positive LH test, the E 2 levels on that same day would be slowly increasing (C max is only reached after 16-24 h). In order to reach high-E 2 levels on the day of LH, patches were combined with four puffs (600 mg) of aerodiol nasal spray. One dose of 300 mg aerodiol increases the E 2 level to 5000 pmol/l after 20 min. The initial half-life is 18 min, the second half-life is 4 h (37). It can be expected to reach levels of around 10 000 pmol/l. Figure 1 Schematic representation of the study protocol. Subjects performed urinary luteinizing hormone (LH) tests at home. On the day of a positive LH test, randomization took place for either estradiol (E 2 ) (600 mg aerodiol every 3 h on the day of LH combined with 8 Fem 7 patches from day LH until LHC4); progesterone (P) (progestine on day of LHC4: 25 mg, LHC5: 100 and 150 mg, LHC6: 300 and 300 mg), E 2 CP (combination of the above-mentioned regimens) or controls (non-treatment, N) group. Blood was sampled every other day during the luteal phase.
In the P group, we intended to increase P levels from 60 nmol/l (unstimulated situation) to 800 nmol/l (observed during IVF treatment (28)). P serum levels start to rise on day 4 after hCG, reaching maximum levels on day 6 and decreasing to low levels on day 10 (21, 28). The only pharmacokinetic data available in the literature were obtained from oocyte donation patients using P injections 50 mg twice a day for a longer time. The maximum concentration reached in the steady-state situation was 120 nmol/l (38) . These data were used to calculate the dosages needed to reach the desired situation. The expected concentrations with the above-described regimen were 100 nmol/l on day LHC4, 300 nmol/l on day LHC5, and 700-800 nmol/ l on LHC6.
Hormone assays
Blood samples were centrifuged, and serum was frozen and stored at K20 8C. Serum was assayed for FSH, LH, E 2 , P, and inhibin A in the same laboratory (EMC). From each patient, hormone assays were performed in the same run. FSH, LH, and P measurements were performed by immunofluorometric assay (Immulite 2000; Diagnostic Products Corp., Los Angeles, CA, USA). E 2 measurements were acquired by RIA (Coat-a-count; Diagnostic Products Corp.) and inhibin A was measured by inhibin A: immuno-enzymometric assay, obtained from Serotec (Oxford, UK). Intra-and interassay coefficients of variation were !5 and !8% for FSH, ! 3 and !6% for LH, !6 and !16% for P, !5 and !7% for E 2 , and !8 and !15% for inhibin A respectively.
Statistical analysis
The endpoint of this study was luteal phase characteristics in the four different groups. The particular endpoint used for power calculation was the duration of the luteal phase. The three different treatment groups were compared with the non-treatment control. In a previous study from our group involving IVF patients undergoing ovarian hyperstimulation combined with a GnRH antagonist and a GnRH agonist bolus for final oocyte maturation, we observed a mean duration of the luteal phase of 9.6 (G3.3 days) in the absence of luteal phase supplementation (28) . It was assumed that the mean duration of the luteal phase in the control group would be 14 days. To test the hypothesis whether the exposure of volunteers to high levels of either E 2 , P or both leads to a reduction in luteal phase length of at least 4 days, 80% (b) power at a P-value of 0.05 (twosided aZ0.025), nine patients were needed for each group, i.e. a total of 36 patients.
Differences among the four groups in length of the luteal phase were tested by ANOVA. To assess the differences in luteal phase endocrine profiles, the area under the curve (AUC) was calculated from the day of a positive LH test until the day LHC14. Differences in AUCs among the four groups were tested by the nonparametric Kruskall-Wallis test, because the AUCs had highly skewed distributions. In order to assess the exact influence of the administered steroids on the LH levels in the mid-luteal phase, the LH levels were also analyzed for each separate day. It was chosen to focus on day LHC4 until day LHC10 as the mid-luteal phase. LH levels were considered the most relevant with respect to the induction of luteolysis. ANOVA analyses were performed to test for any difference among the four groups (nZ33). Furthermore to be able to differentiate between the separate influence of E 2 and P, the analyses were repeated after rearranging the subjects into two groups twice: supplemented with E 2 (nZ15) or not (nZ18) and supplemented with P (nZ17) or not (nZ16).
Results
One-hundred and seventy-nine women responded to advertisement and received a written information form. After reading this, 56 women decided to participate. The main reason for women deciding not to participate was unwillingness to be treated with high dosages of steroids. Fifty-six women underwent the initial screening and finally 40 enrolled in the study.
It turned out that the results of the urinary LH tests were not completely reliable. In retrospect (evaluating the LH levels), it became clear that six women were randomized (on the day the LH test turned out 'positive'), while their LH levels were actually below 10 IU/l. In addition, one volunteer did not reach postovulatory P levels in the untreated group. As this protocol was intended as a mechanistic study rather than an intention to treat study, these women were excluded from further analysis. The prerandomization characteristics such as age, cycle length, body mass index, and early follicular FSH were not different among the four groups (data not shown).
Results on the duration of the luteal phase are shown in Table 1 . There was no difference in duration of the luteal phase among the four groups. Moreover, in the subjects who also performed the LH tests in the normal cycle preceding the intervention cycle (nZ19), there was no difference in duration of the luteal phase between the normal and the study cycles (data not shown).
Endocrine profiles are depicted in Fig. 2 . The expected median E 2 levels were 4800 pmol/l on day LHC1, 2000 pmol/l on day LHC2, 1800 on day LHC3, and 1500 pmol/l on day LHC4 (see also Materials and methods section). Blood sampling was performed every other day, thus we could only compare the expected and the assessed median levels on day LHC2 which was 2470 pmol/l (range 1310-4105 pmol/l) and on day LHC 4 which was 1400 pmol/l (range 596-2564 pmol/l) in subjects treated with E 2 and E 2 CP. These levels were indeed in the expected range.
After pharmacokinetic calculations regarding P levels, using the little data available (38) it was expected to reach 100 nmol/l on the evening of LHC 4 (C max was reached after 2 h), 300 nmol/l on day LHC5, and 700-800 nmol/l on day LHC6. The assessed median P levels on day LHC6 were 216 nmol/l (114-1040 nmol/l) in patients receiving either P or PCE 2 .
The AUC calculated from the day of a positive LH test until day LHC14 (see Table 2 ) was not different for LH among the four groups. However, as discussed in the Materials and methods section, the median LH levels were analyzed on separate days namely day LHC4 until day LHC10 both in subjects supplemented with E 2 and not and in subjects supplemented with P and not. Results of this analysis are shown in Table 3 . LH levels Table 1 Clinical data (median and ranges) of the 33 normo-ovulatory volunteers randomized for either E 2 (600 mg aerodiol every 3 h on the day of LH combined with 8 Fem 7 patches from day LH until LHC4), P (progestine on the day of LHC4: 25 mg, LHC5: 100 and 150 mg, LHC6: 300 and 300 mg), E 2 CP (combination of the above-mentioned regimens) or no-treatment (controls). Figure 2 Box (median values and 25th and 75th percentiles) and whisker (P 5 and P 95 ) plots representing E 2 , P, follicle-stimulating hormone, LH and inhibin A (Inh A) serum concentrations in 33 subjects randomized for the administration of either high dosages of E 2 ( ), P ( ), E 2 CP or no medication (controls) in the early luteal phase. On the x-axis, the days of blood sampling. pos, positive.
were significantly different between the groups 6 days after the mid-cycle LH surge (P!0.001). This difference was associated with the administration of P (P!0.001), but not E 2 (PZ0.16).
The AUC calculated from the day of a positive LH test until LHC14 (see Table 2 ) was significantly different for FSH comparing the four groups (PZ0.03). In the E 2 -supplemented subjects, the suppression of the FSH levels was more pronounced compared with the P-supplemented subjects. As the influence of FSH on the corpus luteum was expected to be low, the daily analysis as performed for LH was not carried out for FSH.
The AUC calculated from the day of the positive LH test until LHC14 (see Table 2 ) was not different for inhibin A comparing the four groups. However, the decrease of inhibin A production was significantly different in subjects with LH levels %1 IU/l on day LHC6 (nZ13) compared with subjects with LH levels O1 IU/l (nZ20; PZ0.001; see Fig. 3 ).
Discussion
The present study was designed to assess whether the supraphysiologic steroid levels observed during the early luteal phase after ovarian hyperstimulation for IVF are to be held responsible for the premature luteolysis and the reduced luteal phase length. The present study showed that the administration of E 2 or P (or both) in the early luteal phase in normo-ovulatory volunteers did not result in a shortening of the duration of the luteal phase.
Previous studies demonstrated that in IVF patients to whom no luteal support was provided, the endogenous P production was much higher compared with normoovulatory controls. This has been demonstrated both in the so-called long protocol (21) as well as with the use of a GnRH antagonist co-treatment (28) . In the latter study, P levels were decreasing already from day 6 after hCG, presumably because the corpora lutea were depending on the hCG which had been injected 35 h before oocyte retrieval and subsequently cleared from the circulation around 8 days after injection. As the exogenous hCG disappeared, luteolysis occurred (and P production stopped) supposedly due to insufficient support by endogenous LH. In support of that hypothesis, we found a positive correlation between the AUC of LH and the AUC of P. Moreover, we previously found a positive correlation between the E 2 levels on the day of hCG and the duration of the luteal phase (28) . It has been suggested that in IVF patients, the supraphysiologic levels of E 2 or P produced by multiple corpora lutea in the early luteal phase, results in a profound negative feedback at the hypothalamicpituitary level resulting in severely suppressed endogenous LH production.
In the present study, we attempted to mimic the endocrine situation of the early luteal phase as found in IVF patients in normo-ovulatory volunteers. The E 2 levels induced by the use of the nasal spray and patches reached the intended values. Unfortunately, P levels found in this study were lower than intended. Either the P doses administered were too low, the duration of the treatment should have been longer or the frequency of the injections should have been higher. However, the P levels were clearly above the physiological range. Maximum P levels were reached on day 6 after the LH surge, which was also the day on which the LH levels Table 2 Area under the curves (AUCs)* (median and ranges) of E 2 , P, LH, follicle-stimulating hormone (FSH), and inhibin A in 33 volunteers randomized for either E 2 (600 mg aerodiol every 3 h on the day of LH combined with 8 Fem 7 patches from day LH until LHC4), P (progestine on the day of LHC4: 25 mg, LHC5: 100 and 150 mg, LHC6: 300 and 300 mg), E 2 CP (combination of the above-mentioned regimens) or no treatment. Table 3 P-values of the ANOVA analysis of the LH serum levels in the mid-luteal phase (day LHC4, day LHC6, day LHC8 and day LHC 10) in 33 volunteers randomized for either E 2 (600 mg aerodiol every 3 h on the day of LH combined with 8 Fem 7 patches from day LH until LHC4), P (progestine on the day of LHC4: 25 mg, LHC5: 100 and 150 mg, LHC6: 300 and 300 mg), E 2 CP (combination of the abovementioned regimens) or no treatment.
Among the four groups (nZ33) E 2 supplemented (nZ15) vs non-E 2 -supplemented (nZ18) were significantly different between the groups. The observed LH levels in the P-supplemented groups on day 6 after the LH surge were significantly lower compared with the LH levels on day 6 after the LH surge in non-P-supplemented subjects namely 0.67 and 0.89 nmol/l vs 2.97 and 3.64 nmol/l (P!0.001; see Table 3 ). A strong correlation was observed between P and LH levels on this day (rZK0.64; P!0.001; see Fig. 4 ). This suggests that the reached maximum P levels were capable of suppressing pituitary LH release. As we were not successful in reaching the intended P levels and maintaining high levels for an extended period of time (as is the case in IVF patients), LH suppression was only achieved for 1 day. This short duration of LH suppression did not induce luteolysis, as we could not find any shortening of the luteal phase. This observation is in line with previous data, suggesting that the corpus luteum can survive without gonadotropin support for up to 3 days (39). However, despite the fact that there were no clinical signs of luteolysis, the extremely low LH concentrations on day 6 after the LH surge, resulted in an accelerated decrease to baseline of inhibin A in subjects with LH levels below 1 IU/l. Unfortunately, it was not possible to determine the endogenous P production by the corpus luteum. First, exogenously administered P was masking P production. Moreover, 17 hydroxy-progesterone was assessed as a specific marker for corpus luteum steroid biosynthesis. However, data were also obscured by the conversion of exogenous administered P to 17 hydroxy-progesterone. A strong correlation between P and 17 OHP (rZ0.68, P!0.001) was observed (data not shown), which may also be due to a cross-reaction in the applied assay (40) .
The AUC of FSH was lower in the E 2 -supplemented subjects. This suggests a direct negative effect of E 2 at the pituitary gland resulting in a reduced FSH release along with a normal LH output. This is in line with earlier data from ovariectomized women (41) . As expected, FSH suppression did not result in a reduction of luteal phase length.
Large differences still exist comparing the present experimental model in volunteers with IVF patients. It could be speculated that, besides the high-P levels in the early-and mid-luteal phase, additional factors are involved in eliciting advanced luteolysis after ovarian hyperstimulation for IVF. First, in IVF patients, the E 2 levels already increase during the follicular phase. In the present study, it was decided not to start the administration of E 2 in the follicular phase of the cycle, as we expected that this would suppress normal development of the follicle and subsequent ovulation. Secondly, no medication was available to induce sufficiently high and steady E 2 levels immediately after administration. The intended levels could only be reached by the use of multiple patches, which unfortunately would take 12 h to reach maximum levels (36) . To induce high-E 2 levels on the day of the LH surge, it was decided to add an E 2 nasal spray. This would give immediate high-E 2 serum levels, but followed by a rapid decrease (37) .
Thirdly, evidence suggests that the ovaries also produce non-steroidal substances other than inhibins capable of blocking the positive-feedback effect of E 2 (42) . The production of such a substance, referred to as gonadotropin-attenuating factor (GnSAF), takes place in small antral follicles that are present in the ovaries (42) . Under normal conditions, GnSAF seems to play a role in Figure 3 Box (median values and 25th and 75th percentiles) and whisker (P 5 and P 95 ) plots representing inhibin A serum concentrations in 33 subjects randomized for the administration of either high dosages of E 2 , P, E 2 CP or no medication (controls). The inhibin A levels were analyzed separately in subjects with an LH level%1.0 and O1.0 IU/l on day 6 after the LH surge. On the x-axis, the days of blood sampling. pos, positive.
l Figure 4 Scatter plot representing the correlation between LH and P serum levels on day 6 after the LH surge in 33 subjects randomized for the administration of either high dosages of E 2 , P, E 2 CP or no medication (controls) in the early luteal phase.
the regulation of the sensitivity of the pituitary gland to E 2 . Pituitary sensitivity increases during the late follicular phase as the production of GnSAF decreases (42) resulting in the mid-cycle LH surge. During ovarian hyperstimulation, GnSAF suppresses gonadotropin secretion both in monkeys (43) and humans (44) . It could be hypothesized that in the luteal phase of IVF patients, high levels of GnSAF are still present resulting in low-LH levels and subsequent premature luteolysis.
In conclusion, we were not able to induce a shorter luteal phase in normo-ovulatory subjects by administering high doses of steroids during the early luteal phase. However, a distinct but transient suppression of midluteal LH levels could be established. This change resulted in an accelerated decrease of inhibin A indicating a 'partial' luteolysis. It could be hypothesized that we would have shortened the luteal phase length if P levels had been high for an extended period of time, allowing for extended LH suppression and irreversible loss of corpus luteum function. In a follow-up study, it should be possible to induce higher P levels for a longer period of time. However, this would not be easy as we already administer high doses of i.m. P. On the last day of P administration, we injected 3 ampoules of 100 mg P in 1 ml, i.e. 3 ml. Hypothetically, higher concentrations of P ampoules (not available on the market) should induce higher P levels.
Alternatively, altered follicular phase events such as increased production of GnSAF may also represent a possible explanation for the observed early luteolysis in IVF patients following ovarian hyperstimulation. Additional studies are required to improve the understanding of mechanisms underlying abnormal corpus luteum function after ovarian hyperstimulation.
